Red clover necrotic mosaic virus (RCNMV) has two RNA species of mol. wt. about 1.5 x 106 (RNA 1) and 0.5 × 106 (RNA 2). An English strain (H) and a Czechoslovakian strain (TpM-34)of RCNMV could be distinguished serologically, by solid-phase RNA hybridization analysis (Northern blotting) and by the symptoms they induced in cowpea. Studies of pseudorecombinants, formed following inoculation of plants with heterologous combinations of the RNA species of each strain, showed that RNA 2 determines the morphology of lesions induced by the isolates in cowpea and their ability to invade the plants systemically.
RCNMV which are determined primarily by RNA 2.
English isolate H and Czechoslovakian isolate TpM-34 of RCNMV (Musil, 1969; Hollings & Stone, 1977; Musil & Gallo, 1982) (kindly provided by Drs A. A. Brunt and O. M. Stone) were each subjected to three cycles of single lesion isolation in Chenopodium quinoa to obtain strains as homogeneous as possible. The viruses were propagated in Phaseolus vulgaris (French bean) cv.
'The Prince' (Hollings & Stone, 1977) and extracted and purified by differential and sucrose density gradient centrifugations (Gould et al., 1981) . Double immunodiffusion analysis of virus particles in 1 ~o agarose gels was as described by Buck et al. (1981) . Rabbit antisera to the two virus strains were kindly provided by Dr A. A. Brunt. Capsid polypeptide species were analysed by SDS-PAGE (Laemmli, 1970) . RNA was isolated from virus particles by phenol/SDS extraction (Okuno et al., 1983) and the two species were separated by two cycles of centrifugation in sucrose/formamide gradients. Virus RNA in buffered 85 ~ formamide (85 vol. of deionized formamide mixed with 15 vol. 10 mM-Tris-HC1, 1 mM-EDTA, pH 7-5) was heatdenatured (60 °C, 3 min), then cooled to 20 °C and layered onto a 5 ml linear gradient of 2 to 10~ (w/v) sucrose in buffered 85~o formamide. Gradients were centrifuged in a Beckman SW50.1 rotor at 40000 r.p.m, for 17 h at 20°C and then 0.1 ml fractions were collected from the bottom of the tubes. RNA in each fraction was recovered by precipitation with 2.5 vol. ethanol and analysed, after glyoxalation, by electrophoresis in 0.8 ~ agarose gels (McMaster & Carmichael, 1977) . Separated RNA species were stored at -70 °C in sterile distilled water. 0000-6843 © 1986 SGM The results of agarose and SDS-PAGE indicated that the sizes of RNA 1 and RNA 2 and of the capsid polypeptide did not differ appreciably between the two virus strains. However, the two strains were readily distinguished by gel immunodiffusion. Virus preparations of each strain gave strong precipitin lines with 40-fold dilutions of their homologous antisera, but did not react with these dilutions of the heterologous antisera (Fig. 1) . The RNA species of each strain could also be distinguished by Northern hybridization. RNA from each strain was separated by agarose gel electrophoresis, transferred to GeneScreen membrane and hybridized with 32p_ labelled cDNA probes in 50~ formamide according to the protocol described by the manufacturer (New England Nuclear). cDNA probes were prepared by reverse transcription of the unseparated RNA of each strain using random oligonucleotide primers as described by Taylor et al. (1976) . When hybridization was carried out at 42 °C, some cross-hybridization was observed between the two strains (results not shown). However, when the stringency was increased by raising the temperature of hybridization to 55 °C, the cDNAs hybridized only with their homologous RNA (Fig. 2) .
RNA 1 and RNA 2 preparations from strains H and TpM-34 were mixed and inoculated to Vigna sinensis (cowpea) cv. Blackeye No. 5, separate plants being used for each inoculation. Other cowpea plants were inoculated with the two parental mixtures and with each RNA 1 and RNA 2 preparation alone. Hybrid isolates (pseudorecombinants) were then cultured from single lesions produced in cowpea. Plants were maintained at a temperature of 17 °C with an 18 h photoperiod and a light intensity of 5000 lx. In all such experiments RNA 2 preparations had no infectivity, RNA 1 preparations sometimes produced one or two local lesions and RNA 1 + RNA 2 inocula were considerably more infective in both homologous and heterologous combinations. Table 1 gives the results of a typical experiment. The results show that separated RNA species were relatively uncontaminated, confirm the bipartite nature of the RCNMV genome and demonstrate that the two strains can form viable pseudorecombinants.
Pseudorccombinants T1 :H2 (RNA 1, TpM-34; RNA 2, H) and H1 :T2 (RNA 1, H; RNA 2, TpM-34) were characterized by Northern hybridization and serological analysis and by their symptoms on cowpea. Several different single-lesion isolates of each pseudorecombinant showed similar properties. In Northern blots done at high stringency, a 3"-P-labelled cDNA probe to unseparated TpM-34 RNA hybridized to both RNA species of TpM-34 but only to RNA 1 of pseudorecombinant T1 :H2 and RNA 2 of pseudorecombinant HI :T2 (Fig. 2a) , whereas a 32p-labelled cDNA probe to unseparated H RNA hybridized to both RNA species of *The final concentration of each RNA species was 5~g/ml in 0.05M-sodium phosphate buffer pH7.0, containing 200 ~g/ml bentonite and 10mg/ml Celite.
f Total number of lesions on two leaves 5 days after inoculation.
H, but only to RNA 1 of pseudorecombinant H 1 :T2 and R N A 2 of pseudorecombinant T1 : H2 (Fig. 2b) , thus confirming the hybrid nature of each pseudorecombinant. In gel immunodiffusion tests pseudorecombinant T1 : H2 gave a strong precipitin line with antiserum to strain TpM-34, but gave no reaction with antiserum to strain H. When pseudorecombinant T I : H 2 and TpM-34 were placed in adjacent wells and allowed to diffuse against antiserum to TpM-34 their precipitin lines fused, indicating serological identity (Fig.  1 a) . Similarly pseudorecombinant H I : T 2 reacted with antiserum to strain H, but not with antiserum to strain TpM-34, and was shown to be serologically identical to strain H (Fig. 1 b) . Hence, the serological specificity of the pseudorecombinants is determined by R N A 1, as found for other strains of R C N M V and other dianthoviruses (Dodds et al., 1977; Okuno et al., 1983 ).
On cowpea, pseudorecombinant H 1 : T2 caused symptoms similar to those of strain TpM-34. Numerous chlorotic local lesions 1 to 2 mm in diameter were produced 3 to 4 days after inoculation. Each lesion developed a red-brown necrotic margin and expanded to become confluent with adjacent lesions. After 15 days, plants were stunted and chlorotic. Evidence of systemic invasion for both pseudorecombinant H1 :T2 and TpM-34 was obtained by the following experiments. (i) Virus particles could readily be detected in sap from uninoculated leaves of infected plants by immunosorbent electron microscopy (ISEM) with antisera to strain H and TpM-34, essentially as described by Roberts & Harrison (1979) . (ii) Virus RNA could readily be detected in RNA extracted from 0.5 g samples of uninoculated leaves of infected plants, by dot hybridization under low stringency conditions as described by Garger et al. (1983) with a 32p-labelled cDNA probe (sp. act. 6 × 105 c.p.m./~tg) prepared to a mixture of H and TpM-34 RNA. (iii) Characteristic local lesions were produced on cowpea inoculated with sap from uninoculated leaves of infected plants. Virus was cultured from such lesions, propagated in P. vulgaris, and extracted and purified as above. No changes in the properties of either pseudorecombinant H 1 : T2 or TpM-34 were observed after recovery from systemically infected cowpea tissue.
In contrast, pseudorecombinant T1 :H2 gave symptoms on cowpea very similar to those of strain H. Numerous reddish-brown necrotic lesions about 1 mm in diameter were produced 4 to 5 days after inoculation. These local lesions never expanded to become confluent with the adjacent lesions and no systemic symptoms were observed 15 days after inoculation. Neither pseudorecombinant T 1 :H2 nor strain H were detected in uninoculated leaves of infected plants by sap inoculation to cowpea or ISEM, nor were their RNA molecules detected by Northern hybridization.
It is clear that lesion morphology in cowpea leaves inoculated with the pseudorecombinants is determined by RNA 2 of the parent strain. The expansion of lesions to become confluent on the inoculated leaves is probably an indication of the ability of the virus to invade the cowpea plant systemically. Expanded, confluent lesions and systemic invasion of cowpea appear to be the first properties of RCNMV to be found to be determined primarily by RNA 2.
Little is known as yet about the proteins encoded by RCNMV or about their functions. In vitro translation of RNA from purified virus particles of a New Zealand strain of RCNMV indicated that RNA t encoded the coat protein (mol. wt. 39000) and another protein of mol. wt. 36000, whereas RNA 2 possibly encoded a protein of mol. wt. 34000 (Morris-Krsinich et al., 1983) . If most of their sequence were used for coding, RNAs 1 and 2 could encode proteins with total mol. wt. of about 165 000 and 55 000 respectively. Hence, additional RCNMV-encoded proteins may await discovery.
Several RNA-containing plant viruses encode proteins of mol. wt. 30000 to 35 000 which are thought to play a role in the cell-to-cell movement of virus (Davies & Hull, 1982; Zimmern & Hunter, 1983) . Perhaps the protein of mol. wt. 34000, thought to be encoded by RNA 2 of RCNMV, has this function. If so, its efficiency in strain H could be relatively low, allowing only limited movement and formation of small localized lesions, whereas in strain TpM-34 it could be much greater, leading to expanded, confluent lesions and systemic infection. If RNA 2 is required only for cell-to-cell movement of virus, multiplication of RCN MV in single cells might require only RNA 1, because RNA 1 is large enough to encode the coat protein and a replicase as well. Infection of isolated protoplasts with individual RNA species should resolve this hypothesis.
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